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My Thoughts Today

= 2007 Status of cancer, NCI and cancer research: Why are
Biospecimens critical? Were they always?

= Are there examples of the impact of biospecimens on research?

= What is NCI’s view of Biospecimen/Biorepository issues and
problems?

= What has/is NCI Doing to Address the Issues?

= Are there programs where the quality of biospecimens are critical?
= What do we see as legal, ethical and policy barriers?

= What does the road ahead look like?
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An interoperable “system" of evidence based
molecular oncology where disease is either prevented
or detected early and treated on an evidence-based
and personalized basis
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20th Century (Not Sustainable)

= Focus on treatment = Focus on predisposition, early
} detection and biological
processes

= Diagnosis based on = Diagnosis based on molecular
morphologic and pathologic } characterization and biological
analysis processes

= Expensive; perpetuates = Evidence-based; continually
unsuccessful approaches } assesses standard of care

= No systematic connection = Connects bench » bedside »
between research and } bench in seamless feedback loop

clinical care
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Good News: A Drop in Cancer Death‘é ~'Bad:....
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News - The Population Impact e A T
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= 564,830 Americans died of cancer in 2005
= 1,399,790 Americans will be diagnosed with cancer this year
=  $209.9 billion in 2005 for cancer healthcare costs

=  Numbers of nhew cancer cases will approach 2 million by 2025 (Aging of the baby
boomers)

Unlike Other Major Disease Killers, Cancer Continues to
Take the Nearly Same Toll As In 1950

- 586.8
w 600 1950
c
_ & 500 I 2003
o T
0. © 4007
25
§g 231.5
a3 193.9 190.1
- J
o
<«
Heart Cerebrovascular Pneumonia/ Cancer
Diseases Diseases Influenza

Source for 2006 deaths and diagnoses: American Cancer Society (ACS) 2006 Cancer Facts & Figures; Atlanta, Georgia
Source for 2003 age-adjusted death rate: National Center for Health Statistics, U.S. Department of Health and Human Services,
NCHS Public-use file for 2003 deaths.
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The Human Genome Sequence — A Landmark. Eveiit
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but Not a Blueprint R s ST
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= Cancer is a “"genetic disease”
(Germline and Somatic Mutations)
= Types of Genetic Changes:
Deletions; Amplifications; Mutations;
Translocations; Epigenetic changes*

*Technologies are sophisticated - require ; o
high quality biospcimens/biomolecules Chromosome

1990 1991 1992 1993 1994 1995 196 19 . . , 01 2002
' ' ' |
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A Landmark Event: The Sequencing of the Human Genome



Self-sufficiency
in growth signals

Insensitivity
: to growth
Evading get T gn signals
apoptosis sy e

J ‘V Tissue
Sustained ‘ invasion
and
metastasis

angiogenesis

Limitless replicative

potential Adapted from: Hanahan & Weinberg,
Cell 100:57 (2000)
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The Convergence of Molecular: Blology, Advanced

Technologies, IT and Broadband: Potentlal fa'r
Exponentiall Progress iRt oeleins
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Genomics

Proteomics
Metabolomics

Systems Biology

= Imaging
= Chip Technologies

= Information
Technologies

= Nanotechnologies

Image courtesy of Science, May 26, 2006
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NCI Strategic Investments: An “Endto End”:Systemi.. ... .
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= Basic Research and Discovery
v Integrated Cancer Biology
v Microenvironment

= Basic Infrastructure
v Bioinformatics - caBIG

v Biospecimens — biobanks

v Nanotechnology Characterization Lab
v Clinical Research (CTWG)

= Common Technology Platforms
v Biomarkers - Proteomics

v The Cancer Genome Atlas Pilot Project

= Advanced Technologies
v Advanced Imaging

v Nanotechnology
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Need a New Informatlon Infrastructure for 2}15t P‘er‘s'bh'alized
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Clinical Data

Huge and growing volume
of data and multitude of
information systems

/caBIGTM is an information network enabling all constituencies in the cancer

~

community - to share data and knowledge to accelerate discovery research,

development and delivery of 21st century medicine

\_ to improve patient outcomes

/




Do We Know that the Quality of
Biospecimens Impacts Research
Outcomes




= Effects on clinical outcomes:

» Morphological analysis/diagnosis
« Skewed clinical chemistry results

- Potential for incorrect therapy when diagnostic is paired with
therapeutic (e.g., HER2)

= Effects on research outcomes:
« Variations in gene expression

- Variations in post-translational modification (e.qg.,
phosphorylation status)

» Potential for misinterpretation of artefacts as biomarkers



Variable Results in Discovery Research

Rapid Increase in
Microarray Publications

3000 |- 3000
No common standards are used
g | across platforms, so data are
o difficult or impossible to compare
8
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1995-96 1997 1998 1999 2000 2001 2002 2003
~ Number from PubMed

Source: SCIENCE, 22 OCT 2004,
“Getting the Noise Out of Gene Arrays”
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Results Vary

Map of discordance. An experiment at NIH found
that three commercial devices rated different genes as
being turned on (red) and turned off (green) in a single
batch of pancreatic cells
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HER2 Testing

= HER2 (ERBB2) gene is amplified in ~ 20% of breast cancers

= HER2 over-expression (V'positive” status): important
measure of clinical outcome and recommended therapy

= Clinical testing for HER2 status:
= Formalin-fixed paraffin-embedded excised breast tissue:
- Immunohistochemical test (scored 0-3+)
- 2+ cases: FISH
= Pathologist uses scoring system to report status
= Positive result triggers therapy: $60K/year

= False-positive: risk of cardiotoxicity



Existing Programs Where We
Know that the Quality of
Biospecimens is Critical




TCGA: A Proactive Collaboration in
Medical Genomics

*The Cancer Genome Atlas (TCGA) is a three-year pilot
project of the NCI and the NHGRI to increase our
comprehensive understanding of the genetic basis of cancer.

It is anticipated that TCGA'’s integrated database of molecular and
clinical information will provide unprecedented opportunities to

discover and develop a new generation of targeted diagnostics,
therapies, and preventives for cancer.

TCGA is large-scale — among other goals, the 3-year pilot is designed to determine the
feasibility of undertaking a full-scale project to develop a complete “atlas” of all
genomic alterations involved in cancer
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of Several Communities
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TCGA: Requires Collaboration and 'Integratlon
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A patient

donates

tumor D.at.a Manaqement,
"{ tissue for Blomfor.matlcs, and .
- ’j study. Computational Analysis

A=)

Scientists analyze
the data produced
by TCGA, and
develop a web-
based information
a database.

5

Scientists . . Cancc_er G_enome
study Medical Sequencing Centers Characte_rlzatlon Centers
genetic Scientists use
material in Technology information in
D T Development & the database
tissue. g to speed

b| research

: h‘ advances.

Human Cancer
Biospecimen Core Resource

To find the genetic signatures for
cancer, scientists study genetic
material in many patients’ tissues.

. TGCA Network

. Patient Community

' Research
results are
translated
into new
products to
help

patients. 0

"] Research & Medical Community
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Primary Criteria:

(Must meet all primary qualification criteria)

= At least 250 samples of the same cancer type
(combining samples from same cancer type may
be pursued to ensure statistical validity)

= Each cancer sample must be accompanied by
samples of matched “normal” tissue, such as
blood, from the same patient

= Must be from clinical trial or similar study
= A minimum of 0.2 grams of tissue

= Patients gave permission to be
re-consented

Secondary Criteria:
(Collections that met primary criteria
were ranked for the following)

Quality-control analyses of tissue
sample and biomolecules

Sample characteristics

Sample collection procedures and
storage

Clinical trial protocol and donor
enrollment

Informed consent
Clinical data quality
Clinical data electronic status

Institution’s contractual capabilities

Telephone Interviews were followed up with site visits by an NCI-NHGRI team



Project

= These three cancers collectively account for more
than 210,000 cancer cases each year in the United
States.

* They were scientifically interesting, lethal and had
biospecimen collections that met TCGA's strict
scientific, technical, and ethical requirements.
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Biospecimen, Core Resource (BCR): $ = il

International Genomics Consortium
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= Central to the success of TCGA, the BCR will:

= Verify all biologic and clinical data and perform the pathologic QC of
qualified tumors from selected existing collections

= Perform central processing of specimens to provide uniform
biomolecules and distribute to both genome characterization and
sequencing centers

= Track and quality assure all specimen-related operations (consent,
acquisition, transport, processing, QC, distribution)

= Provide “standard” samples for technology platform comparisons

= Develop (with the Office of Biorepositories and Biospecimen Research)
and monitor the SOPs for prospective specimen collection

= Serve as a member of TCGA's Steering Committee
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Proteomics - Exponential
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Increase in Biological Complexity .. .
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human proteins/peptides is o 7,;,% VW  eF
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alternative splicing, enzymatic |y A
alterations, genome-based ﬁ jj_. s o
variations, differential expression, L e %g
and posttranslational modifications VB e T meedy

= Multiple and integrated T ‘0

technologies will be required to
capture this complexity
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Overcoming Barriers: Clinical Protebmics: ...

Technologies Initiative for Cancer (CPTI)'-EEEE“..EE.. .'
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= 5-year, $104M initiative
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= Address ea r|y biomarker iy 1 Tt ity | TV R
pipeline issues in proteomic '

technologies and systems 9 L l-:- ‘
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= Build a foundation of , .
. PROTEOMIC TECHNOLOGIES
technologies; data;

reagents and standards; ikt
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= Systematically advance o |
understanding of protein e
biology in cancer "’ i s
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http://proteomics.cancer.gov



NCI’'s View of the
Biospecimen/Biorepository
Issues: What WDe Have Done/Will

0




*Source: “First-Generation Guidelines for NCI-supported Biospecimen Resources”




Diversity of cancer types and populations represented based
on continual review of researcher needs

Access through a timely, centralized peer-review process
Ethical and privacy compliance through a chain of trust
Resources provided without intellectual property restrictions
Pathology and clinical annotation (including longitudinal)

State-of-the-art informatics system to streamline the
research production process and create in silico research
capabilities

Communication and outreach efforts

Best practice and data-driven based SOPs to enable
reproducible and comparable (additive) results



NCI Biospecimen Issues

Heterogeneity in practices among NCI-supported
programs has led to a lack of:

= Common biospecimen resource SOPs, standards,
and management principles

= Common definitions

= Computerized, common access to information on
specimens and cases

= Common approaches to ethical, legal, and policy
issues
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NCI's Biospecimen Activities | LT :

¢ First-Generation Guidelines for NCI-supported Biorepositories
published in Federal Register

¢ NCI Office of Biorepositories and Biospecimen Research
established

¢ First International Summit on Harmonization of
Biorepositories conducted

e caBIG™ software tools for biorepositories developed

e Analysis of NCI-supported biospecimen resources conducted
e Trans-NCI Biorepository Coordinating Committee formed

e Case Studies of Existing Human Tissue Repositories published
e National Biospecimen Network (NBN) Blueprint published

e Internal and external review process begun
e Biospecimen resources identified as critically important to post-
genomics cancer research




Biospecimen Research

= To establish a chain of trust that begins with the patient and
Includes institutional review boards, biorepository personnel,
and researchers

= To develop best practices based standard operating
procedures for:

- Biospecimen collection, storage, distribution
- Data collection, including longitudinal data

- Ethical clearance appropriate for genomic and proteomic
studies
= To collaboratively create a state-of-the-art informatics system
— building in silico capability

= To promoting timely, transparent, peer review-based access
of biospecimens and associated data



OBBR’s Guidelines Development PFbgram

ssdrads

Develop and foster state-of-the-science methods to assess,
improve, and assure the quality of NCI’'s biorepositories:

= First Generation Guidelines for NCI-Supported
Biorepositories

= RAND literature review of biospecimen science publications

= Biospecimen Research Network: generation of new data in
biospecimen science

= Collaboration with authoritative professional organizations on data-
driven protocol development (e.g., College of American
Pathologists)

= Step-wise development of evidence-based Second Generation
Guidelines

= Development of objective biorepository evaluation criteria
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Lifecycle of a Biospecimen: Biospecimen Resear'"t:h
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The specimen is viable

A
v
v

Restocking

Medical/ | -
; . - Handling/ o Scientific
Patient Surgical Acquisition . Storage Distribution : Unused
Procedures Processing Analysis Sample
Pre-acquisition Post-acquisition
v




L tines
First- Genera’cmn Guldz'.m
for NCl- _Supporte

Biorepositories o
= | Objective:
™ | = Unify policies and
| procedures for NCI-
E | supported
E | biospecimen
| resources¥*

*previously “biorepositories”
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Guidelines were reviewed prior to publication by:

NIH Office of Science Policy

DHHS Office for Human Research Protections
NIH Office of Intramural Research

NIH Office of Extramural Research

NIH Office of Technology Transfer

NIH Office of the General Council

Guidelines were published in the Federal Register:
= Open public comment period, April-July 3, 2006

Many comments received, on topics including:
- Biospecimen resource economics
- Informed consent requirements

- Definition clarity when designating biospecimen resources affected by
the Guidelines



LR

First-Generation Guidelines Overwew..::.....;f'f"'_.;--'“-

First-Generation Guidelines include recommendations
for:

= Common best practices for research biospecimen
resources

= Quality assurance and quality control programs
= Implementation of enabling informatics systems
= Addressing ethical, legal, and policy issues

= Establishing reporting mechanisms

= Providing administration and management structure
(creation of the Office of Biorepositories and Biospecimen
Research)



Informed Consent

= Use a sample consent template

= Consider allowing research participants to
specify the types of research for which their
specimens may be used

= Develop policies for handling specimens for
which consent
has been withdrawn

= Develop clear policies for specimen and data
access

= Develop policies for obtaining consent for
studies involving children



Access to Biospecimens and Data; . il

= Develop clear guidelines for sample distribution and clinical
data sharing (note: the Guidelines state that protocol-
specific requirements should be met before other access is
considered)

= Ensure that investigators have timely, equitable, and
appropriate access, without undue administrative burden

= Charge for samples only to recover costs

= If a biospecimen resource needs to close, announce the
availability of specimens for transfer

= Restrict access to subjects’ identities and medical, genetic,
social, and personal histories via data access system with
defined privilege levels



S S iFEYFRRES ¥ 8 N
[} S &

L ] -l"rI'll--.

Privacy Protection/Custodiahéﬁ'i‘p.-fl R

" g EE R E Y EE B
SR EAaMET CEE W EN N ] L
B Wea . LR N EREpEEy e
' " .

.
B s dFaBEEE

Privacy
Protection

Protect the privacy of information and follow applicable
regulations

Follow documented policies on employee access to data
or specimens

Provide levels of security that are appropriate to the type
of biospecimen resource

Plans for custodianship of collected specimens and associated
data should be part of biospecimen resource protocols

Develop plans to handle/dispose of specimens and associated
data:

= At end of the budget period of the grant
= Completion of the specific research objectives of the study
Identify and disclose financial conflicts of interest

Informed consent language should disclose that specimens
may help to develop products, tests, or discoveries that may
have commercial value




Intellectual Property

= For the transfer of materials, use a Material Transfer
Agreement (MTA) or similar formal agreement

= Biospecimen resource staff are not considered inventors
within the meaning of U.S. patent law and have no inherent
rights to future intellectual property

= MTAs should specify that research data obtained through the
use of biospecimen resource specimens and/or associated
data should be made available to the research community



Concerns (Rlsks)

= Molecular medicine, including all aspects of genetic-based
diagnosis and targeted treatment have heightened patient
concerns

= Ability to collect, track, store, and disseminate clinical and
genomic data using new information technology facilitates
research, but threaten genetic privacy

= Protection of patient privacy and confidentiality must be
paramount in developing national resources for molecular
medicine

= There are also ethical, ownership, and access concerns

Chain of Trust
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The Road Ahead

R AEpe ¥ 1 .
TRFRARE B " g e s W .



Personalized Medicine: Reqmres SC|e

Validated Patient’s Biospecimens

Data-Driven

Quality SOPs

Biospecimen Research
Empirical ;

2006 NCI First Generation Guidelines for Biorepositories

Medical/ Handlina/ Restocking
Surgical Acquisition PrggesI:i?] Storage Distribution QC/QA Unused
Procedures 9 Sample




There are a Host of Variables that can Affect the
Molecular Integrity of Biospecimens =::= === -5

Biospecimen Variables




BRN: “"Wet™ Research

Program Features:

= Interdisciplinary Research with focus on emerging
technologies for cancer

= Controlled tissue acquisition
= Controlled molecular isolation and analysis

Vision of BRN:

= A network of partners (intramural, extramural, military,
professional, and industrial)

= Plan and execute prospective studies

= Determine how the results of DNA, RNA and protein
analysis are affected by defined pre-acquisition and
post-acquisition specimen variables

= Advisory assistance of scientific experts in tissue
acquisition and biomolecule analysis



= Comprehensive assessment of the existing published and
unpublished information on biospecimen research studies

= What important biospecimen research has been done?

= What remains to be done?

= Currently developing a literature curation tool and database
to populate a publicly available, searchable biospecimen
science website

= Central resource for the biobanking community
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=  Public comments have been
reviewed and revised Guidelines
are undergoing clearance at NIH -

nes  HA revision to be posted on Federal

ti-ﬂn Glﬂdellil - -
Genera ; Register in late January/early

First orted "
for NCI-SUPP R | = February
Biorepositont b

el = Guidelines will be distributed to
pen | managers of all NCI-supported
ey . intramural and extramural
s biospecimen resources
b = Periodic revision will occur with
g input from researchers,
| biospecimen resource managers,
F advocates, policymakers, and
A related stakeholders as new
B | technologies and clinical practices
B | emerge
Wiy
il = Office of Biorepositories and
1 Biospecimen Research will conduct
] research to establish evidence-

s - | | based standards for specimen
: e collection, processing, and storage
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ibinspecimens. cancer.gow/

Role of

1.5, Mational Institutes of Health | www.cancer.gov
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Mational

Elospecimen Network

Tol 'I| partunities and

Demaonstration Projects

THE CRITICAL ROLE OF,

BIOSPECIMENS IN « © f7

&

CANCER RESEARCH

HOSPpeCimen

SMCas Harmonizat

International

Spril 25, 2006
Guidance on Informed
Consent for In Vitro
Diagnostic Device
Studies Using Leftover
Human Specimens that
are Mot Individually
Identifiable

now available for public
comment (view POF)

Freguently Asked
Questions (more)

Sign Up
Sign up for updates from
hinsnefimens. cancar.any

First-Generation Guidelines
Public Comment Period Now Closed

The Public Comment Period, extended
through July 3, 2006, is now formally closed.

MCI is appreciative of all the comments
received to date, and welcomes ongaing input
from the public,

HTML

view guidelines: [Z8E

NCI Leadership Role in Biorepositories

The MCI is leading a national initiative to
systematically address and resolve one of the
maost difficult problems that will drive 215t
century cancer research: the limited availability
of carefully collected and controlled, high-guality
hurnan biospecimens annotated with essential

SPOTLIGHT

How Biospecimens are Used in
Research

Following the mapping of the
Human Genome in 2001,
biological research has moved
into what is called the "genomic
age”, This designation refers to
the ahility of scientists to study
disease at the most basic
“molecular” level, by identifying
genes and their function, and
understanding the role genetics
plays in the origin and
progression of disease, (more)

MCI Biospecimen Resources
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Based on Partnerships and Multiple: Busmesses.. 5
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Patient
Information

Resources
to Enhance

Patient Care ﬂ

= Differential diagnosis

Current Approach
= Optimization of therapy
]

g ‘
kX
m

= Real-time therapeutic
response

= Monitoring for
recurrence

= C(Clinical trial selection

= Information resources
for patient

Molecular Based
Diagnostics and
Treatments -
Enabling
Prevention




